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A B C D
B’s Transmission Range
C refrains transmission
3Pr£sdf[ 2¤´7°xq;eukG[zwjG[dfZ2¡{tmh7qsdfers[Z 2+[oymh£tkv[]eh¢ @4 kjfdfmr{-kGZkfkver{®\­dG[¢Ldfmr¡{-kjGdlmh{tkvZ2kGkG¡eu{
jfeA/¦




 Æ Ä Æs Â   Á z Â  "smMjG[z¡¡jG['{s[jiTeudG¥xk`kv£sº;[zd`¢LdGeuZ)XsrX®-mh{twxwxjGX mrkGZ2Z[jGdfrªBdf[
kG£s¡jG{s	¢LdferZ Mmhdfer£-kT[{su¡{-[[df{sJjGdlmrws[ehº«kQkv£tylX?mrkTq;eMT[zdzªuZ2mukGkzªxmh{-wrer£sZ2[oªxmrkI+[«mrkjGXs[
¢Emuy¾jjfX-mMj¢Lerd¤kGq-muy[	kfy[{¬jGB3tyJZ2kGkG¡eu{-kzªsZ2eukvjeh¢7jGX-[/wsmMjlm'erdfr{-mMjf[zkmMjjGXs[/kfmMjf[¡¡jG[]mh{-w :-eMk
Cut 6 C k
  	 "
 <% *





qsdfehjfeyer  :¦IWX-[¸mukvZ2Z2[jGdf'df[zkG£sµjlkT¢LdGeuZ jGXs[`£-kG[`eh¢Pwsµº»[df[{¬j+jGdlmh{-kGZ2kfkver{dfmhjG[zkz¦ +[zymr£-kG[
er¢-jfXskwxµº»[df[{¬j7jGdlmh{tkvZ2kGkG¡eu{/dlmMjf[zkzªh[u[{2kvZ2Z2[jGdfy+kGer£-dfy[+wx[okijf¡{tmMjGer{q-mhjGX-k7Z'mN/kG£xº»[d7¢LdferZ
tmh{-wxwjfXmukvZ2Z2[jfdGu¦





¢LeudjGdlmh{-kGZ2kfkG¡eu{dfmhjG[JkG[[zy¾jf¡eu{   +¦ '¡jGXn±p 3Tªtkv[z{-wx[dlkmMjGjG[Z2qxjjfe'£-kG[¸X-¡uXs[d+jGdlmh{tkvZ2kGkG¡eu{
dlmMjf[zk`mM¢ jf[dJyeu{-kG[zy£sjGr[]jGdlmh{-kGZ2kfkver{Vkv£-yzy[okGkG[zkzªBmh{-wVdf[r[zdvj¤jGeeMT[zd¤dlmMjf[zk`mM¢ jf[d¸¢Emh¡£-dG[ok¦ "e-ª
muk+jGXs[Jeukfk+dfmhjG[`{-ydf[zmukv[okjfXs[	kG[{-wx[zd¡B¥u[[q5£-kG¡{-eM jfdfmr{-kGZkfkver{?dfmhjG[zkz¦



















jfXs[zkG[njf[zylXs{s87¬£s[zk5mher{-[ymh£tkv[q-dGeus¡[zZ'kkG£-ylX mrk¡{-ydG[omrkG¡{- kv[z{-wx[d4 ks£sdlkvjjGdlmymr{-wmhkGe
kGeM¡{s¶wxeM{jGXs[©kG[{-wx[zd 4 kyer{su[zkvjGer{{-wxeM udGeMjfXB¦ "etª¡j?k{s[oy[okGkfmhdf9jfe¶muwsmhqxj?jGXs[
kG[{twx[d`yeu{sr[okijf¡eu{yer{¬jfdGeumhreudG¡jGX-Z jfe?mNreuw5jfXs[zkG[/q-dGeus¡[zZ'k¦ 3seud¤wx[jfmhk¸mrteu£xjjfXs[2kv[z{-wx[d
muwsmhqsjfmMjf¡eu{2jG[oylXs{s87u£-[zkzªu+[df[¢L[djGe  -1 jfWX-[¤mrw-mhqxjf¡u[wx[mNr[ow¨±\$# qsdferq;eukG[zw2{  +-«mhZ'kCjGe
6,687:9<;=?>1@















±\$# jGdlmh{-kGZ2µjGjG[ow?{-ews[ 3T¦-§ ¢PjfXs[	wxkGyer{s{-[zy¾jf¡¡jiq;[dlkvkijlk+¢Lerdm'wx£-dfmhjGer{5rdf[zmMjf[d+jGXtmh{5jGXs[
df[jfdfmr{-kGZkfkver{/jGZ[zer£xj¸Ep7W^`7eh¢«{sexwx[¤±	ªhjfXs[W\+c¹mrr[{¬jC¡-jGdf¡ur[d7jfXs[   ?")  #  (m.)"














3Pr£sdf[  2³[ji+erdf¥¹q-mrdvjfµjf¡eu{¶kfy[{tmhdf¡e 2.'Xs[z{  k2Z2eM¡{s©mNmNV¢LdferZb\¤¦IWXs[{s[ji+erdf¥©k
df[zyer{s{-[zy¾jf[zw?Xs[{´ kZeM{s]jGeMmhdlw5\¤¦










Cut 6 C k
  	 "
 <% *
 ")    /








!#"   ' 	5 	 .'*4 ) 








q;eM+[dyeu{-kv£-ZqsjGer{ xjfXs[	kG[zyeu{-w?er{s[Jk vqteM+[dyeu{¬jGdfer jGX-mhjmhZ'kmMjmrwMgi£-kijf¡{-2jGXs[`jfdfmr{-kvZ2ki
kGer{q;eMT[zdTer¢¼Z2ers[{sexwx[ok¦CcPeMT[zd+kfmN¡{-/kijfdfmhjG[zr[zkIXtmNr[;[[z{{r[zkvjGumhjG[owmMjkv[zr[zdfmr-[r[zk
er¢mnZ2ers¡[5wx[y[{-y¡£-ws¡{sjGXs[?qsXkGymhTmNu[dJjfdfmr{-kGZkfkver{-kzªBjfXs[euqt[zdfmhjGer{¹kGkvjG[zZ'kªCmh{tw
jfXs[mrqsqsyzmMjGer{tk  r: ¦5cPeM+[d/yer{¬jGdferIyzmh{¹;[Jgier{¬jGV£-kG[zw®¡jGX dfer£sjG{snerd`jfdfmr{-kvq;erdGj/mhu[{¬jfk
jfe'¡Z2qsdfeMr[¤jGX-[Jqt[zdv¢LeudGZ'mh{ty[`eh¢I_n±³¤´IWPk ¬~xª< )  sqteM+[dyer{-kvjGdlmh{¬jfkyeuZ2Z/£s{symhjGer{-kdf[u[zmr
mrkGe¸jGXs[¤qsdfers[Z.eh¢«yeerq;[dlmMjf¡eu{;[ji+[[z{2{sexwx[zkzª¬mukC{sexwx[okCZ'mN/{serjq-mhdGjGyq-mhjG[{'dGeu£xjG{s	mh{tw
¢LeudGmhdlwx{s/q-dGexy[owx£sdf[zk+{5eudfws[djGe'kfmNr[¸-mMjGjG[zdGq;eM+[do¦
   PM	 






mrdG[Tt[zreu{-w	jfXs[kGyerq;[Ter¢sjGX-kCkG£sdfr[u¦WXs[+{ujf[df[zkvjG[ow	df[zmrws[dlkmrdG[+dG[¢L[dfdG[ow`jGe   +¬ª:u x¢LerdCwx[jfmhk¦




o   ( 1/)(     ( #5)	  : 
§¨{ ¡:+¬ªzxªhhsªN / jGXs[mh£xjfXserdlkBdf[q;erdGjPkGZ/£smMjf¡eu{	dG[okv£-µjlk¼eu{/W\+cnjfXsdGeu£srX-qs£xj7¡{/m¸kvjfmMjfy¡{x

















§¨{   /  ª+jGXs[mr£xjGX-erdlk2dG[zqteudvjkG¡Z]£smMjGer{ df[zkG£sµjlk'er{ jfXs[nqt[zdv¢LeudGZ'mr{-y[eh¢JW\+c"p[z{se¹eMr[zd
jfXsdf[[]wsµº»[df[{¬j¤dfer£sjG{sqsdfehjfexyerk/Q±^Q   !):ªm "xp  u:ª«±3   -1L¾¦`§ j`k¢Ler£-{-wnjfX-mMj`±3 
q;[dG¢LerdfZ'kJ+[I£s{-wx[zd]mMmhdf[ji er¢Zeus¡¡ji q-mhjvjf[df{-k/mr{-wVjGerq;ereru¡[ok¦ 3s£sdGjGX-[doª¼jfXs[®qsdferq;eukG[
mr{Xs[£sdfkijfy`jf[zylXs{-E7¬£s[/yzmh¡[ow 3s°x[zwnp7W^|jGeZ2qsdGeMu[`jGXs[/qt[zdv¢LeudGZ'mh{ty[Jeh¢Ceu{x ws[Z'mh{-w5dfer£xjf¡{-
q-dGerjGexyeuk`E±^Q  mh{-w  "sp¾¦;±{eMr[zdG[eh¢PjGX-kjf[zylXs{-E7¬£s[`kwxkfy£tkGkG[zw5{ "[oy¾jf¡eu{5t¦ s¦¡u¦
§¨{  ªhjGXs[mh£xjfXserdlk¼kvjG£twx`jGXs[q;[dG¢LerdfZ'mh{-y[Ieh¢tW\+cVWmrXse[rªhp[z{se-ªh³[9p[{setª:"smryl¥Jmh{-w  C[
¬mrkCeMu[d7jfXs[Z/£-µjfµ XserqylXtmh{]jferq;ereru]kGXseM{2¡{.3Pr£sdf[-ªu¡{jGXs[yzmrkG[Xs[df[jGX-[§i´I´I´9rus¦¡u
q-dGerjGexyeuBk£-kG[zw«¦§ j¸k¤kvXseM{jfX-mMj¸W\+c  C[¬mwx[r[dlkjfXs[/;[jGjG[d¸q;[dG¢LerdfZ2mr{-y[	mr{-wnwxe[zk{sehj









	 7(RSLDj L%N?PLDW<PSRN7TU#V^TTSV^[17(_`NaV^]^gMR\LFH >FE1@G =1=ik8q V^T*Na]^]^[ ILDW P[QRSLYPSRN7MTSU#V P*TJM[FRuP _ RSNaU#L%TTSL;L7(PV^U#LDTN7MW
]^[17	
X_ RNaU#LDT_ [FgMRPV^U#LDT G
Cut 6 C k
  	 "
 <% *
 ")    u
±\$#JkJkG[{¬jJ{VjfXs[kvjfmh{twsmhdlwVW\+c     ¦WXskJkJkve;[zymr£-kG[2W\+c½k G±\$#¸ y¡exyl¥r[ow ¾ª;{tmhZ2[rª
jfXs[W\+c kG[{twx[dI{-ydG[omrkG[zkC¡jfkTyer{-r[zkvjGer{2{-wxeMmrkm`¢L£s{-yjGer{er¢;jfXs[$v{£sZ/;[d?eh¢BW\+c¹±\$#
df[zy[r[ow«¦




jfX-mMjJjfXs[q-mhjGX yzmh{¹kv£-qsqteudvj	¡jGX-er£xj]yzmh£-kG{snyer{-r[zkvjGer{¼¦§¨{ ymukv[2eh¢mZ]£sµjfµ Xseuq©ylXtmh{VjfX-mMj
Z2qs[Z2[{¬jfk§i´´I´r¬x¦r¸_±\¤ªxjGXs[`-mr{-wxwjGXs wx[zmNqsdGexwx£ty¾jymr{s{sehj[°xy[[oweu{s[   eh¢PjGXs[
p7W²`\¤¦ mukv[owner{ jGXsk¤jGrX¬jG[zd¸;er£-{-w«ª»jGX-[nqsdferq;eukG[]mr{VmhreudG¡jGX-Z jfe?muwNgi£-kvjJW\+c<Z'mM°x¡Z]£sZ








eMu[df¡[zeh¢PjGXs[okv[¸jG[oylXs{s87¬£s[zkkrr[z{?{ "[zyjGer{5-¦ x¦ x¦
§¨{  hxªh~ ªhjGX-[mr£xjGX-erdlkCkijf£-wxJjfXs[¢EmhdG{-[zkfk7eh¢;W\+c®{jGXs[yer{¬jG[°¬jCer¢»muw/Xsexy+{s[jiTeudG¥»¦WX-[
df[q;erdGjCkveuZ[ylX-mr{s{s[xtmh{-wxwjfX]£s{s¢EmhdG{s[okGkP£-kG{s¸jGXs[mryjG£-mrs_n±\¹uux¦rT¡{2m¸Z/£s¡jG¡ Xserq2yeuZ]
Z]£s{symhjGer{n[{dGeu{sZ2[{¬jz¦_eudG[zeMr[zd¡{   ):ª;jGX-[]mh£sjGXseudfk¤kvXseM¿jGXtmMj¤{Vkfy[z{-mhdfeukXs[zdG[/W\+c
ydGe¬kGkG[zkTdG[z¡[okGkmrw5Xsexy`mh{twdG[ow{-[ji+erdf¥kzª¬jGXs[JW\+c £s{x¢Emr¡df{s[okGkqsdfer-¡[zZ"qt[zdfkGkvjfkmrkGe-¦CWXs[
mr£xjGX-erdlk/{   +-df[q;erdGjfk/jGX-mhjp´  u wxw9{-ehj'kveu¡u[?W\+c4 k£s{x¢Emhdf{s[zkfk/{_n±³¤´IWkz¦9WXs[
df[zmukveu{?kjfX-mMj`yeu{sr[okijf¡eu{wse¬[ok{serjX-mhq-qt[z{¡{mkv{sr[	{sexwx[uª-s£sj¤{mh{n[{¬jf¡df[/mhdf[zm{rer¡{-
Z]£s¡jGqs¡[{sexwx[ok¦&"e-ªjGXs[exymhq-muyl¥r[j57¬£s[z£s[nmMjmh{¹kv{su¡[{sexwx[nymr{s{serj2yerZ2qs[jG[z¡¹df[;:t[zy¾j
jfXs[5{s[ji+erdf¥¹yer{-r[zkvjGer{¶kijlmMjG[u¦ 3seud/jfXsk2dG[omrkGer{Bª7jfXs[ wx[ 3-{s[nmV{s[ wskvjGdf¡-£xjG[ow 7¬£s[z£s[jfX-mMj
yer{¬jfmr¡{tk+mr¡«qtmryl¥r[jfk+Xse¬kv[¤jGdlmh{-kGZ2kfkG¡eu{-k+¡BmMº»[zyjjGXs[`{sexwx[¸jGdlmh{tkvZ2kGkG¡eu{{nmrwswx¡jGer{?jGe2¡jfk







 |  	1 /1.* h ?P	   PM	 




N   ( 1/)(     ( #5)	  : 
ydGe¬kGk¸mNr[zd¤qsdferq;eukfmhk`mh{-wVmNr[df[zw qsdferq;eukfmhk¦]§¨{®mNr[zdG[owqsdferq;eukfmhkzª»jGXs['mrw-mhqxjlmMjGer{®{¬uerr[ok
eu{ser{s[/^ "§TmNu[doªXs[df[zmuk¡{ydfeukfk+mNu[dqsdferq;eukfmhk+mhj¡[omrkvjjiTe^ "§+mNu[dlkTmrdG[`{¬uerr[ow«¦




 Æ  Á  Ä/Å  r Å o5IL Â;Á 
















  5Ã - Á Æ Á      Á  ´7°xqsyµj :B{s¥ 3tmh¡£sdf[?³ehjfD3tyzmMjf¡eu{ jG[oylXs{s87¬£s[ -:k2kvZ2¡mhd]jGe
W\+cC 3+¦²eMT[zr[zd¸{ yeu{¬jGdlmrkvj¸jfeW\+c7 3Tª¼jGXs[[Mmh£-mMjf¡eu{Ver¢jGXs[q-dGeuqte¬kGmrCkJtmrkG[zw®er{¹mdf[zmh





kG[ 7¬£s[z{-y[{¬£-Z/;[do¦¹^¤{ df[zy[¡{sjGXs[5´': 37³ Z[okGkfmhu[rªPjGX-[?kGer£sdly[df[zkGq;er{-wsk/©wskfmhs{s ¡jfk







Cut 6 C k
  	 "
 <% *
 ")    
q;[dG¢LerdfZ'k+jGXs[/t[okijoªtmh{twjfXs[5kv£-rr[okijjfe'Z2mr¥r[¸jGX-k¡{¬jG[zdGMmrBm¢L£s{-y¾jf¡eu{neh¢PjGXs[]pPWW¿{-kijf[zmuw?er¢
u¡{s2µjm;3-°[ow5Nmr¡£-[r¦03seudjGXs[]pPW^ mh{-w\ ' Mmh£s[zk£-qteu{5dfer£sjG[`dG[okijferdlmMjf¡eu{Bª¬jGXs[z 3-{-w5jfX-mMj





jfX-mh{9jGXs[5df[zmryjGr[q-dGerjGexyeuX "xp yer{-kGwx[df[zw¹{ -:ªI[okvq;[zymr¡¹qsdfeumuy¾jGr[qsdGerjGexyeuk]kv£tylX¶mrk
^@: "xp  ~s1¦I±kGe-ªxMmr¡£s[okehjfXs[djfX-mh{ kv[oyh¦7¢LeudjGXs[Jqsdfer;[`¡{¬jf[dfNmrBkvX-er£sw;[	ylXs[oyl¥r[zw5mrk++[Q¦
 		
  ±w¶XsexynW\+c8¡z:£xjf¡¡¯z[zk2{s[jiTeudG¥¹mNr[zd¢L[[zws-mryl¥¹jfee-¦§¨{mrwswx¡jGer{¶jGe©jfXs[ndfer£xjf[

























 Ã  I W\+c&+£xº»[df¡{-2yzmhq-mrs¡¡jimh{-w "[7u£-[{-y[¸{x¢LeudGZ'mMjf¡eu{ -):ªx¡¥u[`qsdG[z¡eu£-k+qsdGeuqte¬ki
mrkzª¬£-kv[okIjfXs[¸{s[ji+erdf¥/¢L[z[zwxtmryl¥2¡{?erdlwx[djGe2wx[jf[zyj+dfer£xjf[¢Emr¡£sdf[[u[{¬jfkTmh{-wjGe/jfmh¥u[¤yer{r[z{s¡[z{¬j
df[zmuy¾jf¡eu{ jfenjGXsk	[zr[z{ujo¦5WX-['{seMr[zkGylX-[Z2['¡{©jfXsk	qsdferq;eukfmhCkJjfXs[{ujfdGexwx£ty¾jGer{©er¢(   1 
6,687:9<;=?>1@
z   ( 1/)(     ( #5)	  : 







































Cut 6 C k
  	 "
 <% *


















Lack Message from P1 to S 
Lack Message from P2 to P1 
Lack Message from D to P2 
Message flows through the
Message flows through the Message flows through the
first stage from S to P1
second stage from P1 to P2
first stage from P2 to D
3Pr£sdf[	~ 2IW\+c "qsµj







 Æ   Â   uIh Å zIE Â;Á 
BÅ  ; I Â ¼  ©I  Å  Á z EÅ  Ã  Å ;z Å I¸¼Æ 






















kGer{qteM+[d¤wx[zydG[omrkG[zk5mT[z¡uXujf[zwkG£sZ er¢7jGXs[]NmrdGmh-¡[ok 	df[zy[z¡u[zw?¢LdferZ mhBehjfXs[d¤{sexwx["!
jfXsdfer£suX5m :-eexwx{s2qsdGerjGexyeuQªXs[zdG[
#%$  '&)(+* , -&)(+*. &)(+* 
 io
¡jGX/`kTjfXs[¤qtmryl¥r[j,7¬£s[z£s¡{-wx[zmNmhj+{-ews[!tª01jfXs[Jkvr{tmhtjGe¡{¬jG[zdv¢L[zdG[z{-y[¤dfmhjGe]mhj+{sexwx[
!tª23kjfXs[g 4 kjfdfmr{-kvZ2kGkGer{ q;eMT[zdzªTmh{-w 








 	 nÁ  Ä/Å   ¼Æ   Â   rIr Å oIL Â;Á 

  ÁÁ  ¼ 98tÁ  Å B    ¿-Æ  Å   Á  Ä/Å Br WX-k¤erxgi[oy¾jf¡u[]er¢CjGXsk`qsdferq;eukfmh¼k¤jGe?dG[owx£-y[
jfXs['{£sZ/;[dJer¢+dfer£sjG{s5¢Emh¡£sdf[zk  ~r~ ¦WXskJk	mrylX-¡[zr[zw VkGµjlylXs¡{-?jfenm{s[.dGeu£xjG[2Xs[z{©m
{s¥¹eh¢jfXs[ny£sdfdf[{¬jdfer£sjG[k[°xq;[zy¾jf[zw9jGeV¢Emh¡{9jGXs[5¢L£xjf£sdf[®Qkv[z[5;[eM¾¦¶WXsk]jf[zylXs{s87¬£s[5k







Cut 6 C k
  	 "
 <% *






1 2 3 4 NN−1

























?C U#U#LDWMV N?PSL8_ gPSgMRSLU#L%N7MTKN?_ PLDR
	TLDZFG^G
6,687:9<;=?>1@
o   ( 1/)(     ( #5)	  : 




 IL ÂtÁ  ¼ Å  Å zIE
BÁ Æ     WXsk`jf[zylXs{s87¬£s[   / Tk]mnkv[z{-wx[dG -mrkG[zwjG[zylX-{sE7¬£s[jGX-mhj/wxe[zk	{-ehj	df[ er{®¢L[z[zw
tmryl¥]¢LdGeuZ.jfXs[{-[ji+erdf¥;¦P§¨{'¢Emuy¾jzª¬jfXs[¤mr£xjGXseudfk[Z2qseM'm	Xs[z£sdGkvjGyjGewxkvjG{su£skGX;[ji+[[z{dfer£xjf[














     W\+c ¤[jf[zy¾jf¡eu{¹eh¢¤^¤£xjGi^¢ v^¤dfws[d	mh{tw®p[zkGqteu{-kv[V\J^J^¸p`k/mh{¹[z{-wjGer[z{-w
mrqsqsdfeumuylX5¡N~ ¦PWXskCmhq-qsdGe¬mrylXBªNXsylX2wxe[zk7{serj7df[ 7¬£sdf[jfXs[yeerq;[dlmMjf¡eu{/eh¢;¡{¬jf[dfZ[owxmMjG[+{sexwx[okª
k¤-mrkG[zweu{er£xjGer¢ eudfws[d/ ^J^J^`wx[r[df5[r[z{¬jfkz¦¸^J^J^[r[z{¬jfkmrdG[/¡{¬jG[zdGq-dG[jG[zwnmuk¤mr{n¡{twxyzmM





euqxjGer{®mrwsws[zwnjfe5±\$#Jk`yzmh¡[ow±\$# ¤£sqsyzmMjGer{"[7u£-[{-y[³£sZ/;[d'E±  "s³¤¾¦WXs['±3 "x³k
{-ydG[zZ[z{¬jG[zw?mh{-wjGdlmh{tkvZ2¡jvjG[ow¡jGX5[zmuylX?wx£-qs¡ymhjG[J±\$#2¦s²eM+[u[doªrjfXs[`dG[oy[z¡u[d+{s[[owskmh{mrw
wsµjf¡eu{-mh-jiTe	¬jG[okW\+c¹euqxjGer{2jfe]wx[jG[oy¾j^J^J^ [u[{¬jfkzªymh[zw'W\+c c7mryl¥u[j "[7¬£s[{-y[¤³£sZ/;[d







Cut 6 C k
  	 "
 <% *
 ")    /
uer¥u[zwws£sdG{s]jGXs[Jqtmrkvj+jf¡Z2[`q;[df¡exw® zªxjGXs[	W\+c kG[{-wx[zdkvX-er£swdf[zyeMr[zdZZ2[owxmhjG[z¡jGejGXs[
kvjfmhjG[';[¢LeudG['jfXs[{rexymhjGer{®eh¢jGXs[?yer{-r[zkvjGer{©yeu{¬jGdfer¦§¨{©¢EmryjzªPjGX-[mh£xjfXserdlk`Z'mh¥u[2jGXs['jf¡Z2[







er¢jGXs[zZ ¡[omrw®jGe®kvr{-D3tyzmh{¬j/Z2qsdGeMu[Z2[{¬jo¦n§¨{ r[z{s[dlmhªPW\+c `^J^¸p"Z2qsdfeMr[zk/W\+c|qt[zdv¢Leudv
Z'mr{-y[J£sq5jfe   ¦+³[u[dGjGXs[z¡[okGkzªjGX-[	kv£sq-qte¬kv¡jGer{5jGXtmMj`^J^J^|[r[z{¬jfkmhdf[`jGX-[J[°sy£-kG¡u[JdG[okv£s¡jfk
er¢dfer£xjf[¸¢Emh¡£sdf[`wx[zkG[dfr[okTZ]£-ylX5ZeudG[`mh{tmhkGk¦C±y¾jf£-mhrªxZ/£-µjf¡q-mhjGXdfer£xjf¡{sqsdfehjfeyerkkv£-ylXmrk
W^¸p±  ~!):¼Z'mNqsdfews£-y[/^J^J^½[zr[{¬jlk+jGX-mhjmhdf[¸{-ehjdG[zmhjG[owjfedfer£sjG[¸¢Emh¡£-dG[ok¦
 Â   <Æ Á IL ÂtÁ Æ 2 C WXskmhqsq-dGe¬mrylX  +mhZ2k'jGe©dG[owx£-y[?jfXs[yeu{¬jG[{¬jf¡eu{¶eu{¶dG[z¡[okGk
ylXtmh{s{s[zQª»wx[oydf[zmrkG{sjfXs[]{£sZ]t[zd`eh¢TW\+c½±\$#Jkjfdfmr{-kGZ¡jvjf[zw ¬jfXs[2kv{s¥»¦	§ j`k`m?ZexwxB3s
yzmMjf¡eu{Ver¢+jfXs[wx[zmNu[zw®±\$# euqxjGer{Ep 3P\ rNrrjGXtmMj/X-muk	m3s°x[zw¹ye¬[ y[{¬j $ s¦§¨{©jGX-k
mrqsqsdfeumuylXBª¬jGXs[	Mmr¡£s[Jer¢ Mmhdf¡[okµjfXjGXs[]kv[7u£-[{-y[¸{£sZ]t[zdeh¢7jfXs[/W\+c q-mryl¥u[jo¦TWXs[	mr£xjGXseudfk
ws[ 3-{s[/jGXsdf[[	jGXsdf[zkGXserwsk  rª3sªtmr{-w 
'kG£-ylXnjfX-mMj #$ J¢Leud¤q-muyl¥r[jfk¡jGX kG[ 7¬£s[z{-y[]{£sZ/;[d  
kGZ'mh¡[zdJjGXtmh{  uª  $ ?¢Leud/q-muyl¥r[jlk`µjfX       xª $ 










2ÆP  98;Á     Á z  ¼ §¨{( r: ªjGX-[¸mr£xjGXseudfk+kvjG£-wx2jfXs[¸-mh{-wswjfX5ws[mNq-dGexwx£-yj` $' ¸
er¢¸Z]£s¡jG¡Xseuq¶dfer£sjG[zk2{ _n±³¤´IWPk¦½WXs[ kvXseM jGX-mhj.$'  ymr{s{sehj[°sy[[ow jfXs[ peu£s{-w¨WdGq
²erqxv\Ter£-{ujQpPW²`\¸eh¢+jGXs['qtmMjGX¼¦'§¨{VjfXs[ymukv[eh¢m5Z/£s¡jG¡ Xserq¹ylX-mr¡{VjGX-mhj	¡Z2qs[Z2[z{ujlk`§i´I´I´
uus¦¡u_n±\¤ªhjGXs[z 3-{-wjfX-mMjCjfXs[ $'  k7jf¡uXujf[dImr{-wkC[7¬£-mhxjfe    jfXs[p7W²¸\¤¦ mrkG[zwer{jGX-k
jf¡uX¬jG[d/teu£s{-w«ªjGXs[zVq-dGeuqte¬kv[jGen£tkv['jfXs[muwsmhqxjf¡u[\ ' : kv[jvjf¡{smr¡uerdfµjfXsZ jfemrwNgi£tkij]W\+c64 k
Z'mh°Z/£-Z {-wxeM kv¯[?mryyerdlwx{s5jGenjfXs[[{srjGX¹eh¢jfXs[ylX-mr¡{B¦nWXs[zVdf[q;erdGjJjGXtmMj/£-kG{snjGX-k
mr¡uerdfµjfXsZ·mh{5Zq-dGeMu[Z2[{¬j£sq5jGe    ymr{?;[	mrylX-¡[zr[zwB¦
         IL Â;Á   Å  Å zIL
        2 :¼¡{s¥p´" :p´` z!BmhZ2kjGedf[zwx£-y[jfXs[`yer{¬jf[{¬jGer{eu{jfXs[¤df[[zkfkTylX-mr{s{s[zQ¦
WX-kCkIwxeu{s[/Z2er{s¡jGeudG{s¸jGX-[mNr[zdfmrr[{£sZ]t[zdCeh¢»dG[jGdf¡[okEmN¬P{jGXs[qtmryl¥r[j7jGdlmh{-kGZ2kfkver{2mMj
jfXs[¡{-¥]mNr[zdz¦,'Xs[{ /{£sZ/;[dTt[oyeuZ[okCrdf[zmhjG[zd7jGX-mr{mJrr[z{]jfXsdf[zkGXserw«ªhjfXs[qsdfertmhs¡¡ji/er¢
wsdGeuqsqs{s MZ2mrdG¥{skyerZ2qs£xjf[zw/muyyerdlwx¡{-jGejGXs[p´mr¡uerdfµjfXsZ  u:¦ "{-y[+µj7Z'mhdf¥xkBq-muyl¥r[jlkª
6,687:9<;=?>1@






























Mmr¡£s[eh¢4   ª«jfXs[mh£xjfXserdlk¸kv[j¸jfXsdf[[jGXsdf[zkGXseuwsk ª	ª¼mh{tw
 
¤¢Leud]\¤ªBmh{-w¢Ler£sd
ws[mNnNmr¡£-[zk 4   Mª 4     ª 4   ª¼mh{-w4   )4    4      4    4   ¢Lerd 4   ªmuk`kvXseM{V¡{Qu¾¦
WX-[Xs[£-dGkijfyt[zXs¡{tw QuJkJjGe qt[z{-mh¡¯z[udG[z[zwxV{sexwx[zk/µjfX XsrX¹er£sjGqs£xjdfmhjG['®¡{-ydG[omrkG¡{-
jfXs[d7¬£s[z£s[{swx[mN	4   mh{-wjfe	¢EmNreudI{sexwx[okCjµjfXkvZ'mr¡ter£xjfqs£xjTdlmMjf[zkz¦4  k+mJdlmh{-wxeuZ.Mmr¡£s[




 C 7 t @H+V 7	#] NDs;L%R gMLDgMLV^TKZ%Na]^]^LDW C 7;PSL%R\o NaZDL gMLDgML  C o!"G
Cut 6 C k
  	 "
 <% *
 ")    s
  
4   $ 4    ¢Lerd   
4   $ 4     ¢Lerd     
4   $ 4   ¢Lerd     

4  %$ 4   ¢Lerd  

 4     4      4   4  
Qr
nÁ   » Å   ÅBÅ Æ     WXsk+qsdferq;eukfmh   +-¼mhZ'kjfe][z{sX-mr{-y[`W\+c ¢Emr¡df{s[okGk+{5_n±¤³´IWPk¦ %{x





qtmryl¥r[jfk'X-eukG[jGdlmh{-kGZ2kfkver{tk2¡¤mhº;[oy¾j?¡jfkeM{ jGdlmh{-kGZ2kfkver{{ mrwswsµjf¡eu{jGe ¡jfkq-mryl¥u[jfkM¦
"x¡{-y[¡jkTwx 'y£s¡jjGeJu[j{x¢LeudGZ'mMjf¡eu{'mh;er£xjTmr¡-jGXs[okv[q-mryl¥u[jfk7¡jGX-er£xj+¡{¬jGdfexwx£-y¡{s	kGr{sB3tymr{¬j
yerZ2Z/£-{syzmMjf¡eu{®eMu[dfXs[zmuw«ª¼X-ylX¹Z'mN®{s[[ow9N Xserq©{x¢LerdfZ'mMjf¡eu{¹[°sylX-mh{-r[rªPmkG¡Z2qsD3t[zw¹{sexwx[
{-[rXteudGX-e¬exw 7¬£s[£-[	k¡{¬jfdGexwx£-y[zw«¦§ j`mhrudG[zumhjG[zkTjfXs[/{sexwx[4 k¡exyzmh 7¬£s[z£s[rª»mh{-w5jfXs[/£-q-kijfdG[omhZ























LDZYPU#L%N7MT jMR\L;L7;PN 7M[ WML_ RS[FU PRSN7MTSU#V PSPSV 7	





u   ( 1/)(     ( #5)	  : 
yeerq;[dlmMjGer{¢LdGeuZ"¡{¬jG[zdGZ2[owxmhjG[¸{sexwx[zk+¡¥u[¤{?W\+cC 3+ªsW\+c7¨´': 37³/ª-±CW\+cPªsW\+c7 +£ "«¦x§¨{mNu







df[jfdfmr{-kGZkfkver{jf¡Z2[eu£xjJmM¢ jG[zdJmdfer£xjf[]df[ [zkvjfmrs¡kGXsZ2[{¬jMmhw ¡{¹_n±¤³´IWPk  "e-ª«muk¸mr{[°jf[{x
kGer{5eh¢¼jfXskTeudG¥'+[J{ujf[{-wjGemr{-kGT[zdTjfXs[zkG[ 7¬£s[zkvjGer{tk¦




¡	+¡£-[jGeerjGX "q;[zymh«§¨{¬jf[df[zkvj ¸dfer£-qBª  'V[znkv¡jG[ 2CXujGjGq 2 MJ¦ -¡£s[jGeehjfXB¦ yerZ¦
 :o§i´´I´r¬x¦r ' :±³ kvjfmr{-wsmrdfw«ª '®[nkGµjf[ 2CX¬jvjfq 2  Mkvjfmr{-wsmhdlwskz¦ [[z[r¦ erdf Mr[jf¡[z[[orus¦
 !+dGe¬mrwxtmh{-w dlmrwxe mryzy[zkfk{-[ji+erdf¥k p±³¸12²rX q;[dG¢LerdfZ'mh{-y[ :Bexyzmh±dG[om ³[jiTeudG¥
Q²qt[zd/:±³¸+jiqt[/sª 5W[zylX¼¦sp[qB¦¼zs )r   ]r¦r¦rªs´IW"x§¾¦
  >:¦-±{twxdG[zJª<"»¦-²¤mh{srª-mr{-w5pJ¦t_£s¥X¬jfmrdzª*h\,:¼±¸_nc21¤¡º;[zdG[z{ujfmhjG[ow5yzmhq-muy¡jimh¡exyzmMjGer{5{
muyy[zkfk{s[jiTeudG¥xkzª '{9*,/" . "
  0 $+# *  
 "FC. %'"& ?#   )  %'"   ?< . #  "
%'")-
ª»cCXse[{s¡°«ª-±
	7ª %"x±/ªt±q-dz¦-rr -ªqsqB¦s~x ¬~rs¦
 ~:J²/¦<mhmh¥dfkGXs{-mr{Bª  /¦-c7mrwsZ2mr{-mh-X-mh{Bª<"«¦<"[zkGX-mh{¼ª-mh{-w5pJ¦<#JmhjG¯uª*G±|yeuZ2q-mhdfkGer{eh¢7Z[oylX-mM
{-kGZ'k¢LeudZ2qsdGeM{sW\+c<qt[zdv¢LeudGZ'mh{ty[	eMu[ddG[z¡[okGk¤¡{s¥xkzª  00   %,  . #  "
")   # <"   rªsreuQ¦-~sªx{se-¦ )sªxqsqB¦ +h~!)  +!) /sª [oyh¦B/ / +¦
 )!J²/¦*+mrmr¥dGkvX-{-mh{Bª "»¦ "[zkGX-mr{Bª«´¦«±Z2¡doª«mh{-w pJ¦*#JmMjG¯uª v§¨Z2qsdfeM¬{sW\+c M§ic q;[dG¢LerdfZ'mh{-y[
eMu[d¸¡df[[zkfk¸{s[ji+erdf¥xkª  { *,".A"
   %  % @%7ª +[df¥r[z¡[zrª¼\+±	ª % "x±	ªC/ /¬~xª»qsqB¦
 ;ur¦
 + J±/¦  /¦mh¥dG[Vmh{-w ¸¦ pJ¦mrwxdf¡{tmMjGX¼ª i§¨Z2qs[Z2[{¬jlmMjGer{¿mh{-wq;[dG¢LerdfZ'mh{-y[[Mmr¡£-mhjGer{ er¢
{-wxdf[zy¾jJW\+cª  00   %,  J. #  ")5")   # <")   hª¼rer¦; )sª»{set¦ -ª«qsqB¦B!)u s +M-ª
_mhdo¦«-/ / +¦
Cut 6 C k
  	 "
 <% *
 ")     
 !#2¦!+dfeM{]mr{-w "»¦ "¡{-rXBª M_ W\+c2hW\+c ¢LerdCZ2eus¡[y[z¡£smhd7{s[ji+erdf¥xkª    %   @% $ 
%'" F ?#   %'"  ?  . #  "	CªsreuQ¦- +ªx{set¦-~xªxqsqB¦¼-/  -ªx^¸yjz¦B/ / +x¦
 /!J²/¦,mhmh¥dfkGXs{-mr{Bª "»¦,"x[zkGX-mh{BªPmh{-w©pJ¦,#JmMjG¯uªv§¨Z2qsdGeM{s5dG[z¡mhs[jGdlmh{-kGq;erdGjJmr{-w®X-mh{twxehº
q;[dG¢LerdfZ'mh{-y[J¡{y[¡£-mrd¡df[[zkfk{s[jiTeudG¥xkzª    %     (      # <")  ¾ª;reuQ¦Buªs{set¦--ªtqsqB¦
 ) / ¬u-rª+[oyh¦B/ /¬~x¦
z!`p	¦8¤£sdfkvjzª ¦P_n¡¡[zdzªPmh{-w©´¦PW¼dlmNkzªNW\+c­[°jG[{tkver{-k¸¢Leud/kGq-mry[yerZ2Z]£s{symMjf¡eu{-kzª  {
*A" .'"?
   %   % $ªtpr[uª-³	ª<%"x±/ªB-/ / )-ª¬q-qB¦Bo~ x )s¦
r	`W`¦;²[z{-wx[dlkGer{nmh{-wpJ¦ #JmMjf¯rª vWdfmr{-kGqteudvjqsdfehjfeyerk+¢Lerd§¨{¬jf[df{s[jG yerZ2q-mMjf¡-¡[JkfmMjG[z¡¡jG[	{s[jv
+erdf¥xkª   00
 " ?$C(?" * (  . #        9% "   ?< . )#  ")¾ªMreuQ¦h:+ªo{se-¦MxªoqsqB¦ h~  u~!/-ª
3-[B¦¼-/ / /s¦
o: #2¦I\TX-mr{-wxdlmh{Bª "»¦7pmrrX£s{-mhjGX-mr{Bª0"»¦  C[{s¥MmMjf[zkfmh{BªCmr{-w9pJ¦7cCdlmh¥MmrkGXBª G± 3P[[owx-mryl¥©-mukv[ow
kfylXs[zZ[2¢LeudJ¡Z2qsdfeM¡{-5W\+c­q;[dG¢LerdfZ'mh{-y[]{¹mrw®Xsexy2¡df[[zkfk¸{s[ji+erdf¥xkª ½{ %'"-
  C.
")8$# 1S?#  % " F ?#       $#  
¾ªs±Z2kvjG[zdfw-mhZªs³[jGXs[zdGmh{-w-kªt_mNn-/ /usªqsqB¦- +h ¬ +:/s¦
-! ¦M²ermr{-wJmh{-w/³	¦ Imhwxum-ª G±{-mr¡xkGk¼eh¢-W\+c qt[zdv¢LeudGZ'mh{ty[IeMu[dBZ2er-¡[Tmuw`XsexyI{s[jiTeudG¥xkzª 
  %    ( $    # <" lª-rer¦xsªs{-e-¦-xªxq-qB¦t +r~ shr-ª¬_nmrdz¦-rr¬x¦
 -¦ :B£¶mr{-w "»¦0"{srX¼ª N±CW\+c2CW\+c|¢Leud]Z2er-¡[?muw Xsexy{-[ji+erdf¥kzª   0 
 " ?$C("
 * ( /. #        %'"  ?< . #  "lªtreuQ¦«/sª{se-¦ +ªxqsqB¦¼-ru »-sN~xª-r£s¦thusu¦
o~: 3+¦ '®mr{s mr{-w]¦ 	;X-mh{--ª.v§¨Zq-dGeM{sW\+c­qt[zdv¢LeudGZ'mr{-y['eMu[d	Z2er-¡[mrw©X-ey{s[ji+erdf¥xk
¡jGX er£sjv eh¢  erdlwx[d/ws[jG[oy¾jf¡eu{¶mh{tw df[zkGqteu{-kv[uª  ¡{ *,".@"
   %       %7ª :¼mh£tkGmr{s{s[rª
"xµjf¯[dfmh{-w«ª h£s{¼¦-hr¬xªqsqB¦;x + xur~x¦
-)!i]¦<#`Zª;\¤¦-WerXBªsmr{-w¦;\TXseuQª NW\+c7 +£ " 2s§¨Z2qsdfeM¡{s2W\+c qt[zdv¢LeudGZ'mr{-y[¸¡{dG[z¡[okGkmuw
X-ey]{s[jiTeudG¥xkzª  
 " ?$ ( "
 %'"  ?  . #  "    # <")  ¾ª«reuQ¦ sª»{set¦Bxª»qsqB¦7 +r~ »z )-ª
r£s{B¦;hr-r¦
 + `´¦¼±¡jGZ'mh{©mh{twVW`¦ r¡Z50z{s[¯uª G³eMu[Cwx[mNr[ow±\$#"jf[zylXs{-E7¬£s[ok¢LeudJ¡Z2qsdfeM¡{-?W\+c¿qt[zdv
¢LeudGZ'mr{-y[¸¡{Z]£sµjf¡X-erq5¡df[[zkfk+{s[ji+erdf¥xkª 2{ *,". "?
 #  &*   " (   ( $ %'"  ? 
. )#  ")¾ª C[z{sy[rªx§ jlmhrª "[zqB¦trr -ªuq-qB¦t! + sr~!-¦
z! 	7¦43-£BªIcP¦	;[dG¢LeukzªC²	¦ :B£setª "»¦ :B£Bª':¦ 	»X-mh{stªImh{-w¶_©¦ ¸[zdGmsª GWXs[Z2q-mryjer¢Z/£s¡jGXseuq
df[[zkfkylXtmh{s{s[zer{W\+c jfXsdGeu£srX-qs£xj'mh{-w¶¡e¬kGk 4ª ){ *A" . "
  0     % $nª "xmr{
3-dfmr{-ykfye-ª % "x±	ªt±qsdo¦thu -¦
-/! 3+¦«Wer-mrr¼mr{-w :I¦ #`[{sdGexyl¥»ª Gc7mryl¥r[j¤kGµjlylXs¡{-¡{ dfmuwx¡e?ylX-mh{s{-[k	2c7mhdGj¼+jGXs[]Xswswx[{
jf[dfZ2¡{-mr»qsdGeus[Z"{\+mhdfdf¡[zd$"[z{-kv[J_£s¡jGqs[¨±yzy[zkfk+Z2ews[zkmh{-wjGXs[¸s£-kG¬Qjfer{s[`kGer£xjGer{Bª 
 00  / . #  "1" %'"  ?< . #  "lªtreuQ¦s!-ªx{se-¦¼oxªqsq¼¦Bt + »  sª--/ +r~x¦
 h!  ]¦$+X-mrdGuX-mNMmh{Bª+±	¦c[zZ2[dlkª"»¦ "Xs{s[z¥r[doªmh{-w :¦ 	;Xtmh{stª M_n±\+±,' 2Tm©Z2[zwxm muyy[okGk
q-dGerjGexyeu¢Leud]dG[z¡[okGk1:¼±¤³ 4 kª  { *A" .@"
   %,  @% $ nª :¼er{-wser{Bª0%#2ª+/ /r-ª7qsqB¦
so xru~x¦
6,687:9<;=?>1@
h   ( 1/)(     ( #5)	  : 
 x	 #2¦ £BªI_©¦¸[dfmsªmr{-w "»¦ +mr[rª5G´7º;[oy¾jf¡u[{s[okGkJer¢pPW" r\+W"®X-mr{-wskGX-mh¥u[{¹§i´I´I´rus¦¡u
tmrkG[zw'mrw2X-ey{s[ji+erdf¥xkª    i 1" .   # <"  
 " ?$ (^  ( 	 ¾ªxrer¦suªu{set¦-uªuqsq¼¦-z + »o!-ª
r£s¦thu -¦
 r:GWXs[	³[ji+erdf¥."¡Z]£smMjGeud³"¬ixª '®[nkGµjf[ 2CX¬jvjfq 2  NJ¦ kG¦ [owx£ N{tkv{-mrZN{-k N{-wx[°»¦ X¬jGZ2¦
 !! ¸ertmh¶_eus¡[·§¨{s¢LerdfZ2mhjGer{ "xkvjG[Z'k "x¡Z]£smhjGer{ :¼¡sdlmhdf ¸e¬_e "Z5ª  '®[ kGµjf[ 2
X¬jGjGq 2 Mq;yQ¦ ykz¦ £tyms¦ [zwx£ Mqsdfehgi[zyjfk Nu¡euZe¬kvZ¦
 M  #2¦I\TXs{Bªs¦,h£twxr[uª7±/¦,'¡mhZ'kzª7mr{-w¹pJ¦4#`[dfZ2ews[rª v§¨Z2qs¡[zZ2[{¬jfmhjGer{¹[°xq;[df¡[z{-y['¡jGX
_±³´W<dfer£xjf¡{-/qsdfehjfeyerkª    %    @% $  %'" F ?#  5% "   ?< . )#  ")  	-	CªxreuQ¦
¬xªx{set¦-~xªsq-qB¦s / x~ /sª³eM»¦-huux¦
 r~:	\¤¦PcP[df¥¬{-k	mr{-w¹W`¦ '©mMjlkveu{Bª5v²¡uXs¡®wx{-mhZ2yO¤[zkvjG{-mMjf¡eu{x "x[ 7¬£s[{ty[zw¤kvjfmr{-y[  ¤[zyjGerd
dfer£sjG{s \ "  `J¢Leud	Z2ers¡[?yerZ2qs£sjG[dlkzª { *,".&"
   %      %   nª :¼er{-wser{Bª4% #2ª
/ /r-¦
 !)!	\¤¦¤c[zdG¥{-kzª`´¦ +[wx¡{-h¨peMr[zdzª¸mh{-w "»¦3¸mrkzª N±w½Xsexy9^¤{xY[zZ2mr{-w kijlmh{-y[  C[zy¾jferd
Q±^Q ¸per£xjf¡{stª Jp3P\ u~ )suªs\+mhjG[zrerdf 2P´C°q;[dfZ[z{¬jfmhª0r£sQ¦;hr s¦
  + `±/¦ #JmhZ2[dfZ'mh{mr{-w :¦_eu{¬jG[tmh{B¦ª ?'®mNu[mh{' 2I±¿XsrXx q;[dG¢LerdfZ2mr{-y[¡df[[zkfkmh{¢Lerd+jGXs[
£-{s¡y[z{-kG[zw5-mh{tw«ª    ( ( -$< .  < . )( 
 " ?$ ( ªsq-qB¦Bro »- -ª "£-ZZ2[zd	-/ / +¦
 h!"«¦ £©mh{-w®W`¦ "xmumrwsmNª  e[ok¸jGXs[2§i´I´I´|uus¦¡u_n±\|qsdGerjGexyeu+erdf¥n+[C¡{®Z/£s¡jGXseuq
df[[zkfkmrw5XsexyJ{s[jiTeudG¥xk uª    0 %'"  ?< . #  "    	  ª»rer¦  /-ª-{set¦<)sªtqsqB¦-r 
 +xª0h£s{¼¦-hr-r¦
 !/!J_¹¦ ¸[zdGmsª #2¦7Wmr{s-ªCmr{-w pJ¦4mhrdfexwxmsª NW\+c qt[zdv¢LeudGZ'mh{ty[{ dG[z¡[okGk/Z/£s¡jG¡X-erq {s[jv
+erdf¥xkª { *A" . "
 #    00   %     ª-³[ ^¤dG[zmr{-kzª :±	ª<% "x±	ª¼-/ / /s¦
 r!  ]¦rmuyeu-kveu{Bª l\TerZ2qsdf[zkfkver{¶W\+c N§icXs[zmuwx[dlk	¢Leud2¡eM kGq;[[zw¶kv[zdGmh+¡{s¥xkzª p37\ rzrtª
\+mhjG[zrerdf 2PcIdGeuqte¬kv[ow "¬jlmh{-w-mhdlw«ª 3s[zB¦B-/ /r-¦
 s	`²/¦ +mrmr¥dGkvX-{-mh{'mh{tw /¦xc7mrwxZ'mr{-mhsXtmh{Bª<G²eM{s[jiTeudG¥2mrkGZ2Z[jGdfmhº;[oy¾jlkTW\+cª   00
%'"   ?< . #  "   	  ª-qsq¼¦t  /sªx±qsdo¦trrsu¦
 u:  ]¦-c7mM°skGer{?mr{-w?_¹¦-±¡Z'mr{Bª f\TeuZq-£xjG{s2W\+c4 kdG[jGdlmh{-kGZ2kfkver{jGZ[zdzª ¸p37\  /rr-ªx\+mhjv
[zreudG 20"¬jfmr{-wsmrdfw?Wdfmuyl¥;ªs³eM»¦-hrus¦
  !`²/¦C:¼£s{-wxudG[z{Bª»´¦;³erdlwskvjGdfe-ªtmr{-wV\¤¦;WkfylX£-wx{Bª l\Terqs{s¡jGX yerZ2Z/£-{syzmMjf¡eu{nrdlmN¯eu{s[zk
{n§i´I´I´<rus¦¡u?-mrkG[zwmrw5Xsexy`{s[jiTeudG¥xkzª ¡{ *,/" .<"?
>#     % 5"  ?"  "     (   
 " 1 (   ?( #   ! Mª;±+jGmh{¬jfm-ª `±	ª<% "x±	ª "[qB¦-rr¬xªqsqB¦s / s~r~x¦
 h 	\¤¦heu{s[zkzª!#2¦ "Nmr¡{s¬mhZªrcP¦r±¬mhdf+mrQªMmr{-w	-¦u\TXs[z{Bª G±kv£-dGu[Jeh¢;[{s[zdGuJ[ y[{¬jC{s[jiTeudG¥
q-dGerjGexyeukI¢Lerddf[[zkfkmh{tw'Z2ers¡[¤{s[ji+erdf¥xkª    %    ( $    # <")  ¾ªreuQ¦ +ª¬{se-¦u-ªqsqB¦
r   u~rsªxhusr¦
Cut 6 C k
  	 "
 <% *
 ")    u~
 u~: 3+¦ #`[Z2Zª "»¦ #`dfkGXs{-mrZ/£sdGjGXrª»mh{tw "»¦«WdGq-mMjfXsª G±¡[z¬mMjf¡{-[º»[zyjfk¸eh¢+Z2ers¡¡jiner{ jfyq
q;[dG¢LerdfZ'mh{-y[T{'mrw/XsexyT{-[ji+erdf¥k£-kG¡{-`kGr{-mrkvjGdf[{-hjGX-mukv[ow	¡{s¥/Z2mr{-mhu[Z2[{¬joª J¡{ *,".
"?
>#    *   ")C(    (   % "   ?< . )#  ")¾ª  C[{-y[rªs§ jlmhrª "[zqB¦-hu -ª¬q-qB¦<)su  )uMt¦
  )!J_¹¦h\TX-mr{s-ª:?mrmr{-y{sjGdlmh{tkvq;erdGjmh{twJqsXxkvymrrmNr[dlkB{	dG[z¡[okGkmrwJX-ey{s[ji+erdf¥xk	2¬gieu¡{¬jG
euqxjGZ'mhCW\+c<yer{su[zkvjGer{ye¬eu{¬jGdfer7mh{-wnq;eM+[d¤yer{¬jGdferª    ;  #!#  #-"  00 
 " ?$ ('"
 * ( /. #        %'"  ?< . #  "l¦
  + J_¹¦T±;erX-mukGmr{BªW`¦ '®kGexyl¥Qªmh{-w´¦ ¤£xjG¥[y¯rª v± df[[eh¢JdGeu£xjG{s©qsdfehjfeyerk¢Lerd
Z2eus¡[¤muw2Xsexy{s[jiTeudG¥xkzª  
 " ?$ ("
   i 
".   # <" ?  ( 1  ¾ªxuer¦uxª¬{set¦-rª¬qsqB¦; srsª
umh{¼¦-hrr-¦
 r!¸§¾¦B\TXsmhZ/jfmryrª;_©¦B\Ter{¬jfQª»mh{-w -¦+:¼¡£¼ª$f_ers[	mrwnXsexyJ{-[ji+erdf¥¬{s 2Zq;[dlmMjf¡u[zk¤mh{-wnylX-mrµ
[{-r[zkzª      
".   # <"  
 " ?$C)(^  ( 		- ¾ª-uer¦«rªx{set¦Brªxqsq¼¦B-  )htªr£s¦thu -¦
  /!`W`¦#¤r[zd5mr{-w<pJ¦ +erqsqtmh{-m-ª v±%yeuZ2q-mhdfkGer{er¢]W\+c·q;[dG¢LerdfZ'mh{-y[ eMr[zd'jGX-dG[z[Vdfer£xjf¡{-
q-dGerjGexyeuk¢Lerd+Z2ers¡[¸mrwXsexy{s[jiTeudG¥xkzª 2¡{9*,". "
   %  % @%7ª?:Beu{s+[zmuylXBª-\+±	ª
% "x±	ª»husrª¬qsqB¦;~!)  ) )-¦
 u!i]¦ rerX-{-kveu{Bª1]¦t_nmrµjf¯rªtmr{-w ]¦;²£Bª4vWXs[ ¤{-mhZ2y"eu£sdfy[Jper£xjf¡{-cCdGerjGexyeu»¢Lerd¤_ners¡[
±¤w²exyJ³[jiTeudG¥xk`\ "xpª J§¨{¬jG[df{s[jwxdfmh¢ jzªs±qsdz¦;hr s¦
 -	`p	¦ +euqsq-mh{tmmh{-w"«¦#¤er{-ws£sdG£¼ª G±{/muwsmhqsjGr[wxkvjfmh{ty[Iu[zy¾jferddGeu£xjG{smr¡uerdfµjfXsZ<¢Leud¼Z2er-¡[rª
muw5Xsexy¤{-[ji+erdf¥kzª ¡{ *,". "
  00    % $nª-±{-ylX-erdlmhr[uªx±mrkG¥Nm-ª %"x±/ª-±q-dz¦trr-r¦
 ¬:"«¦ ¤£/mh{-w/W`¦ "xmumrwsmNªGcP[dG¢LerdfZ'mh{-y[C[Mmh£-mMjf¡eu{Jeh¢sW\+cmr¡uerdfµjfXsZ'kB{	Z/£s¡jG¡ XserqJdG[z¡[okGk
qtmryl¥r[j+{-[ji+erdf¥kzª  
 " ?$ ( "
    (  /5%'"  ?  . #  "
)  "- (  %'"& ?#  rªsreuQ¦xxª
{-e-¦BuªxqsqB¦-¬~ ;or-ªrrus¦
  !J_¹¦t±Z2mr{Bª,l^¤{jfXs[	u[{s[zdfmhjGer{?mr{-w5£-kG[Jeh¢CW\+c muyl¥{seM¡[owxrZ2[z{ujlkª    %    @% $ 
%'" F ?#   %'"  ?  . #  "	CªsreuQ¦-rsªx{set¦-~xªxqsqB¦- xsrª-^¸y¾jo¦«-/ /rs¦
 r  #2¦C\TXs[{¼ª ¦  ¤£s[rªCmh{tw #2¦P³mrXsdfkvjG[owjzª.l^¤{¹kv[jvjf¡{sVW\+c4 k]yeu{sr[okijf¡eu{®{-wxeM¡Z2¡j]{
Z2eus¡[`±w5²exy{-[ji+erdf¥kzª { *,". "
  0  %A%7ªs±{-ylXseudfmrr[uªu±mrkG¥Mmsª %"s±	ª-_nmNhu -¦
 ¬~: #2¦IWPmh{-©mr{-w¶_¹¦ ¸[dfm-ª ?3tmhdkvX-mrdG{sVeh¢`_±\ £s{-ws[dW\+c¡{ dG[z¡[okGk2±w²ey5{s[jv
+erdf¥xkª ¡{ *,". "
  0  ?( #  . (B   " 1 (  # )    (  #!  . 
 "    ( $ %'"  ?  ./
#  " ;"   "$ tª C[z{sy[rª-§ jfmhrª»^¸y¾jz¦«/ / /s¦
  )! #2¦  £Bª "»¦ mh[rª "»¦ :B[[uª¬mr{-w_©¦ ¸[dfm-ª<NW\+c©t[zX-mN¡eudmrydGe¬kGk7Z]£sµjf¡X-erqdG[z¡[okGkI{s[ji+erdf¥xk
mr{-w/jGXs[+¡df[zw/¡{¬jf[df{s[joª `¡{ *,"."?
A#     %  ;"   "$ "    (   $ " 1 (  ?( #   : hª
±+jfmr{¬jfmsª `±/ª % "x±	ª "x[qB¦trr¬xª¬qsqB¦st ¬¬s¦
  +  #2¦  £Bª_©¦ ¸[dfm-ª:I¦#=¤Qªmh{tw ¦ "X£Bª G´C{sX-mr{-y{s W\+c.¢EmhdG{-[zkfk2¡{mrw XsexydG[z¡[okGk
{-[ji+erdf¥k£-kG¡{s9{s[rX;erdfXseewdf[zwBª  { *,".
"
   %    % $nª "smh{ ¤¡[zretª¸\+±	ª
% "x±	ª "[q¼¦thu sª¬qsqB¦¼-) sh-¦
6,687:9<;=?>1@
 )   ( 1/)(     ( #5)	  : 
 u!"«¦ 3PeMxw	mh{-w  /¦ rmuyeu-kveu{Bª:vpmr{-wxeuZ½[omhdf¡`wx[jG[zyjGer{]umMjf[mNxk»¢Lerd7yeu{sr[okijf¡eu{	mNrerwsmr{-y[uª 
 00   %  ?/ . #  " ")   # <"   rªsreuQ¦«uªx{se-¦xtªsqsqB¦  / + ¬t-sª¬±£st¦«-/ / s¦
  /! ¦B±{-mrkvjfmukvª¼_©¦¼\Ter{¬jfQªBmr{-w ´¦ ¸df[uerdfQª o§i´I´I´½rus¦¡u/mrw Xsexy/{-[ji+erdf¥k-2q;[dG¢LerdfZ'mh{-y[
Z2[omrkG£sdG[zZ2[{¬jfkzª ){ *,". "
 #    9"   "$ "& " 1 (        (      # <"     
   ./")
	 . #  ")(  #   )%  %    ª;_nmN5hr s¦
 ~h! #2¦T\TXtmh{-wxdlmh{¼ª$"»¦pmhrX£s{tmMjGXtmh{Bª "«¦  C[{s¥MmhjG[zkfmh{¼ªTmh{tw p	¦IcCdfmr¥MmrkGXBª G± ¢L[z[zwxtmryl¥ -mukv[ow
kfylXs[zZ[`¢LeudZq-dGeM{sW\+cq;[dG¢LerdfZ'mh{-y[`¡{n±wx ²ey	¡df[[zkfk{s[ji+erdf¥xkª ?{ *,"."
>#   
 #  $ #  " ( %'"-
  C.>"8$# 1S?# %'"& ?#        #  
  )%  %     ªx±Z'kijf[dlwsmhZª
³[jfXs[dfmr{-wskzªt_nmNn/ /r-¦
 ~x	`W`¦7\Tmr£-kv[z{Vmr{-wVcP¦ umry 7¬£s[joª h^¤qxjf¡Z2¯[ow :¼¡{s¥ "¬jfmhjG['per£sjG{sncCdGerjGexyeu^@:,"sp¾ª 2p37\
 )u )sª-\+mMjf[reudG 27´7°xqt[zdGZ2[{¬jfmrQª»^¸y¾jz¦-rr s¦
 ~r: #2¦;pmhZ'mr¥¬dfkvXs{tmh{Bª<"»¦ 3P¡eMxw«ª;mh{-w ]¦ +mryl¥»ª4GWXs[	muwswx¡jGer{neh¢C[°q-¡y¡j¤yeu{sr[okijf¡eu{?{-ehjGB3s
yzmMjf¡eu{®Q´T\+³¤+jfe'§icª Jp37\ --)r-ª-\+mMjG[zreudG 2 "¬jfmr{-wsmhdlwskWdlmryl¥»ª "[qB¦;hr-r¦
 ~!!	\¤¦sWerX¼ª*G±kfkGeymhjGµji¬ -mrkG[zw2dfer£xjf¡{-/¢LeudmrwX-ey¸Z2er-¡[`{s[ji+erdf¥xkª  
 " ?$C( "?
     (   
*   " (% "   ?< . )#  ")¾ª-uer¦¬tªs{set¦-xªxqsqB¦¼z  ; /sª_nmhdo¦«-/ / +x¦
 ~M "«¦ #¤erqsq-mrdvjiuª<"»¦ #`dfkvXs{tmhZ/£-dvjfX¬uªt_©¦ 3-mher£sjGer£tkª-mr{-w "»¦tWdf¡q-mhjGXsª0"xqs¡¡j¤W\+c ¢LeudZ2ers¡[
muw5Xsexy¤{-[ji+erdf¥kzª ¡{ *,". "
  00     % $ª;Wmr¡q;[ª-WPmh+mr{Bªx³eM»¦-huus¦
 ~r~:`W`¦ ¸ehº7ªs³	¦-±s£x ¸X-mh¯omh[XBª ]¦-cCX-mhjfmh¥»ªsmr{-w?p	¦ #JmhXr[oyerr£Bª vcCdf[[zZ2qxjGr[`dfer£xjf¡{s{5muw
X-ey`{-[ji+erdf¥kzª '{ *,".<"
   %    % $nª-peuZ[uªs§ jfmr¡uª-husrªqsq¼¦s  x~rs¦
 ~!)!	\¤¦scP[zdG¥{-kª       %   # <"   rªC±wxkveu{x '®[zkGrª %q-qt[zd "xmrwsws¡[`pr[doªx³"-ª %"x±/ªthusu¦
 ~ +  :¦ mh{stª '|¦<"x[zmhX¼ªmr{-w =]¦ ¤{Bª*i§¨Z2qsdfeM¡{-J¢EmhdG{-[zkfkTmrZeu{s]W\+c :-eMk+ydfeukfkv{s	dG[z¡[okGk
muw2Xsexymh{-w2df[zw{s[ji+erdf¥xkª 	¡{*A" . "?
   %       %7ªu±{-{-mhq;erkzª¬_mhdf¬mh{tw«ª %"s±	ª
r£s{B¦;hr sªqsqB¦;~ +  ) -¦
Cut 6 C k
  	 "
 <% *







±  "s³ ±yl¥{seM¡[owxrZ2[z{uj#¤£sqsyzmMjGer{ "[7¬£s[{-y[J³£sZ]t[zd
±   ±wsmhqsjGr[ kvjfmh{ty[  C[zyjGeud




$'  mh{-wxwjfX ¤[mNcCdfexwx£-yj
\X`_n± \Texwx[ kG¡eu{_£s¡jGqs¡[	±yzy[okGk
\+W" \T¡[omhdWe5"[{-w
\ ' W\+c \Ter{su[zkvjGer{.'{-wxeM
\ ' : _nmM°xZ/£sZ W\+c Wdlmh{-kGZ2kfkver{ '¡{twxeM
J\$3 kvjGdf¡s£sjG[zw\Teerdlwx{-mMjf¡eu{ 3-£s{-y¾jf¡eu{
 "   {-mrZ2yJwx[okijf¡{tmMjGer{ "[7u£-[{-y[zw kijlmh{-y[  C[zyjGerd
 "xp {-mrZ2y "eu£sdly[`per£xjf¡{-
´+\+³ ´7°xqsyµj¸\Teu{sr[okijf¡eu{5³ehjGB3tyzmMjGer{



























W\+cC +£ " W\+c&T£sº;[zdG{s\+mhq-mrs¡¡jimh{tw "[7¬£s[{-y[J§¨{x¢LerdfZ'mMjf¡eu{
W\+cCJ^J^¸p W\+c [jG[zyjGer{ ^¢C^¤£sjvv^¢ i^¤dlwx[dmr{-w?p[zkGqteu{-kv[
W\+cC 3 W\+c&3s[[owx-muyl¥cCdferq;eukfmh
W^¸p± W¼[zZ2qteudfmr¡?^¤dfws[df[zw5per£xjf¡{-2±¡uerdfµjfXsZ
Wc "x³ W\+ccPmuyl¥r[j"x[ 7¬£s[{ty[J³£sZ]t[zd
' :±³ '¡df[[zkfk:BexyzmhB±df[zm³[jiTeudG¥
Cut 6 C k
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
